In 2 experiments the authors examined whether individual differences in working·memury (WM) capacity are relmed to attenlional control. Experiment I tested hiBh· and low· WM·span (bigh·span and low-span) participams in a pro,iJ4 . -catle !a,k. in whidt a visual cue appeared in the same location as a subsequent to·be·idcntif�ed target kttcr, and in an anti•accade task, in which a target .1ppeared opposite the cued location. Span groups identified targets equally well in the prosaccade task.. rellecting equiv alence in automatic orienting. Howcv.:r, low-span participants .,.-ere slower and less accurate !haJJ high·span panicipants in the antisaccade task, reflecting differences in attentional control. Experiment 2 measured e)'·e rnovemenls across a long antisaccade session. Low-span parttcipants made slower and more erroneous saccades than did high·span participants. In both experiments, low-span panicipants performed poorly when task switching from antisaccadc to prosaccade blocks. The findings support a controlled·attention >·iew of WM capacity. 
pant's skill level, the COITel ation between span and comprehension is unaffected (Conway & Engle, 1996) . As yet another indicator of the generality of WM capacity, span tasks with a variety of processing requirements predict such diverse capabilitie� us note taking (Kiewra & Benton, 1988) , bridge playing (Clarkson-Smith & Hartley, 1990), com puter-languag e learning (Shute, 1991) , and no\·el reasoning (Kyllonen & Christal, 1990) .
Clearly, the specific concurrent-processing task has little impact on the predi ctive validity of WM span measures across a host of higher-order cognidve capabilities. These span rasks must there fore tap a very general-and very important-cognitive primitive.
But what is the noture of this primiti ve? Engle, Tuholski, Laughlin, and Conway (1999) have recently argued that WM span tests '·work" because they reflect a general controlled-attention capa bility. By this view, WM is a h ierarchically organized system, in which short-term memory storage components subserve a doma in free, limited-capacity controlled attention (see Baddeley & Hitch, 1974; Cowan, 1995) . Moreover, even though individuals may differ on any or all of the componems of this hierarchical system, it is the individual differences in the controll�auention compo nent of WM that are responsible for the correlations among � span and complex cognition measures.
As a test of this view, Engle, Tuholski, et al. (1999) , 1973) . Exploratory factor analysis aJJd structural equation modeling were pcrfonned on the dutu. For present purposes, the key tind ings were twofold. First, the varied WM tests reflected a common factor that was separate from, but strongly related to, the factor for the STM tasks. This finding is cons istent with the notion that traditional STM tasks tap only the storage com ponent of the WM system. whereas WM span tasks tap both storage and controlled (executive) attemiou. Second, in a subS«)uent structural equution model with STM and WM represented by �eparate latem variables, the variance common to STM and WM was removed and the correlation between the residual of WM and the gF latent variabl e remained in the .50
range. The STM residual showed no relation to intelligence. Engle, with no surface similarity to the span tasks.
A controlled-attention view of WM capacity is con sistent with Badd eley 's ( 1986. 1993, 1996) proposal that the central·execmjve component of WM may be analogous to the Supervisory Atten tional System (SAS) described hy Shal lice and colleagues (Nor man & Shallice, 19ll6: Shallice & Burgess. 1993) . The SAS is hypothesized to be a conscious control mechanism that resolves interference between activated action schemas. rn particular, when a prepotent action is envi mnmentally triggered hut con flicts with the individual's goal sta te, the SAS biases the action-selection process by provlding additional activation to a more appropriate action schema and by inhibiting the octivation of the inappropriate schema. The SAS thus allows attentional control over action by providing a means with which to override interference from pow erful environmental �timoli and habitual responses.
Our view (�e also Engle, Kane, & Tuholski, 1999) is that WM capacity, the construct measured by WM span taSk>, reflects the general capability to maintain infonnation, such as task goals, in a highly active state. Although the need for such active maintenance will be minimal in many conteu�. it will be particularly important under conditions of interference. Interference slows and impairs memory retrieval and therefore puts a premium on keeping task relevant infommtion highly active and easily accessible. Thus, individual differences in WM capacity will be roost important to higher-order cognition in the face of interference. We also propose that individual di fferences in WM capacity reflect the degree to which distr.�etors capture attention away from actively maintaining information such as a goal state. Outside of focal attention, the task-relevant information being maintained will return to a base line activation level. If interference prohibits rapid retrieval of this goal information from long-term memory, then distractors. and not intentions, will guide behavior. Thus, coherent and goal-Oriented behavior in interference-rich conditions requires both the active maintenance of relevant information and the blocking or inhibition of irrelevant information. rndeed, we agree with recent proposuls that active maintenance may he responsible for the blocking or inhibition of distraction-that is, inhibition is the result of in creased activation of goal states (see DeJong, Berendsen, & Cools, 1999 ; O'Reilly, Braver, & Cohen, 1999; Robens & Pennington, 1996) .
Recent smdies have provided evidence that interference differ ences between high-and low-span participants reflect controlled attention differences. For example, Rosen and Engle ( 1997) tested high-and low-span individuals in a category fluen�y test in which participants were asked to recall as many animal names as they could for I 0-15 min. High· span panicipants generated more an imal names t. ilan did low-span participants, and the difference between groups increased across the recall period, a tinding indic ative of span differences in susceptibil ity to output interference.
That is, successful fluency across long intervals requires strategi cally searching for low dominance exemplars while blocking the reretrieval of hig.h dominance exemplars sucb as dog, cat, cow, and horse. Most important for present purposes, high-span partici si gnificam PI, and high-and low-span panicipams showed equiv alent recall on Li st I. but low-span panicipants demonstrated significantly larger PI effects than did high-sp3n participants.
High -span participants were better able to block retrieval of prior l ist items in recallin g later lists. To this end, we tested high-and low-span piiT!i�ipunts in " 'isual-orienting task commonly known us the <mtisaccade task (Hallen. 1978; Hallett & Adams, 1980) . This lll sk is simple, nonverbal. and makes minimal memory demands on participan ts beyond the maintenance of task goals in lhe face of inwrference. Very simply, the antis.accade task requires that participants detect an abrupt-on set visual cue in the environment and use that cue to direct their attention and eyes to a spatial locution thut will sub s.:quently contain a target (for a review, sec Everling & l'ischer, 1998 ments to the cue-<be renexive tendency to move eyes to a cue in the periphery had to be blocked or inrubited. Roberts et a!. (1994) foond that introducing an attention demanding secondary load task i mpaired the suppression of re fleKiW eye movements. When participants in the tmtisaccade con dition had to continuously u pd ate the sum of auditorial ly presented digit�. they moved their eyes toward the cue, in error, more than they did under no load. Un der load, panicipants were aJ;o slower to direct their eyes to the ta rget and less acc urate in identifying the target th�n unuer no load. However. the addition of a secondary task had no effect on prosaccade performance, in either eye move ments or target identification. Prusac.:ade orienting thus appcatcd to be an automatic process, insensi tive to goal maintenance, whereas anti>acc ade orienting appeared to require controlled at tentio n; that i�. it was sensitive to active goal maintenance. ln the present study, then, we tested high-and low-WM-span participants in two experiments with a modified antisaccade task-a nonverbal tasl< that made mini mal demands on memory retrie�11l. We hypothesized that the span groups would perform equivalently on prosaccade trials, because orienting in these trials occUis reflexi•e1y and we had no a priori reason to expect sp3n differences in the oth•r processes required hy this task. such as response selection. However. gi ven the demand to mai ntain goal information in the face of interference in the antisaccade task, we predicted that high-span participants would outperform low-sp3n participants. In partic ular, h igh-span participants should be better able to pre•·ent orienting Iowan! antisaccade cues than should l ow-•pan participants. E;-.periment I Experiment l pre•ented high-and low-V.'M-span participan ts with an antisaccade ta•k in which an abrupt-onset visual signal predictab ly cued the locmion of a subsequent target letter. The signal appeared in the same stimulus location as tbe target in a prosaccode trial block and in the opposite stimulus location as the target on an anti saccade trial block. Participants were instrueted to identify the target leuer, by means of a key press, as quickly and as accurately as they could. We were not able to measure eye movements in Experiment 1. Instead, we used target-identification latencie> and accuracy as more indirect indices of orienting. Al though attention and eye movements are not perfectly correlated, we hypothesized that latencies would be shorter, and accuracy higher, for prosaccade trials than for anti�;accade trials because in the former, attention was cued to the target location. On antisac cade trials, attention was initially cued away from the target. and �;o the task put a premium on acti\•ely maintaining the task goal in order to prevent (or recover from) reflexively orienting to the abrupt-onset cue. Vie measured eye movements directly in Experiment 2.
Method
Participant Screening for Working-Memory Capacity Participants were screened for WM cal)<lcity using the operation· word span task (O.SPAN) in which they solv�d series of simple IMthematical operatior•s while attempting 10 remember a list of unrelated words (tor <ktails, see La Poinre & Engle, 1990) . A Micro Experimental Labora1ory (MEL) 2.0 program presented tile task stimuli at the center of a color monitor will l a VGA graphics card (set lo black and white). Participants were tested individually and sat at the most comfoJtablc viewing distance from the monitor.
Participants saw one operatioo-word string at a time, and each set of operation-word strings nmged from two to six items in length. For exam plr. a set of three strings might be,
The experimenter instructed the participant to begin reading the operation· word pair aloud as soon �s it appeared. Pausing was not permitted. Aft�r reading the equation �loud, the participant verified w��tbct' the provided answer was correct and tllen read tile word aloud. The next. operation then immediately appeared. The participant then read t�e next operdtion aloud. and the sequence continued until three question marks (?'!'.') cued the partkipanl to recall all of the words from that se1 only, Participants wrote the word.� on an answer sheet in the order in wbi<:h they had be. en presented.
·
The OS PAN score was tile sum of the recalled words for all sets recalled contvletc:: Jy amJ in c�Jrn::4.: l order. Tiu-ct: sets uf each length {from two to six operotion-word pairs) were tested, and possible scores ranged from 0 to 60.
The dift"emtt set sizes appeared in an unpredictable order. so the numher of words to recall was not known until the recall cue appeared.
Participants
Two hundred three undergraduates from Geo.-gia Stale University and Georgia lnstiiUte of Technology panicipated in Experiment I, either for extm credit or as panial fulfillment of a course rcquitemcnt. These p:ntic· ipams were identified from a larger pool who had participated in OSPAI' l: 107 participants were selected frolll the 10p quarter of the distrioution (high-span l)<llticipants). and 96 were selected from the bottom quarter (low-SJ>an parcicil>ams.). All had correctly sul,•ed at least 85% uf the OSPA:\1 operations I as typically do 99% of those tested). All J"'lticipants had normal or corrected-to-nonnal vision. Panicipation in the antisaccade task followed OSPAN hy 5 min.
Design
Til.:: design was a 2 X 2 x 2 mixed-model factorial, with task (prosac cadc. antisaccade) as a blocked, wilhin·subjccts variable and span group (high, low) and task order (prosaccade, antisaccade; antisaccade, prosac cadc) as between-subjects variables. 
Apparatus and Materials

Procedure
The basic requirements of the task were 10 identify 1he masked target stimulus on each trial and to press the key 1hat corresponded to the target as quickly and accurately as possible. The target 011 tach trial was tile capitalized letter B, r, orR. The !, 2, and 3 keys on the number pad of tile k.e)·board were labeled with colored stickers, B. P, and Jl., rcspccti� · eJy.
Index. middle, and ring fingers of the right hand were rested on these keys throughout the experiment. The entire experiment consisted of s-ix trial block�: two Hre�ponse mapping" practice blocks. a prosaccade practice block, a prosaccade experimental block, an antisaccade practice block, and an antisaccade experimental block. with the ot· der of the prosaccade and antisaccade l>lock; varying between pacticipams. In all blocks. the tatget letters B, P, and R occum:d an equal number of lim"-' · The experiment started with two response-mapping practice blocks. In each block, l 8 trials were presented in which a target Jeuer appeared at central fixation. There were six trials fur each target letter, presentecl in a randomized order for each participant. Each block began with the presen lation of a yeUow "READY!'' signal at the center of the screen against a black background. The ready signal remained on screen until the partici pant pressed the keyboard's space bar, which was followed by a 400·ms blank screen. A cyan fixation signal ("•�•") then appeared at the center of the screen for an interval !.hat varied unpredictably, "' is typically done in antisaccatle tasks (see Hallett & Adams, 1980 : Roberts ct al., 1994 . here betwoen 200 and 2.200 JllS. An equal uomber of triab had fixation dura tions of200, 600, 1,000, 1.400. 1,800, or 2,200 rns. A 100-ms blank sc-reen followed fixation. and then a white target letter appeared in tiLe center of the screen for I 00 ms. The target was tollowed by a succession of backward-masking stimuli: an H for 50 ms, and 1hen an 8 that remairn:d until a response key was pressed. A 500-ms tone gave feedback inunedi ately following an iocorrect response. Tile next trial began wi1h a 400-ms blank screen.
In the prosaccade practice block, 18 trials were presented in which the trial sequence proceeded a.s in the re�ponse-mapping prac1ice blocks, except that the target appeared to the right or left of fixation, and the target location was cued by a flashing white "=" symbol. Immediately after the cyan fixation signal disappeared, a 50-ms blank screen was followed by a "="cue that appeared for 100 ms to the rigltt or left of fixntion (with an eccentricity of 11.33° of visual angle). one character space below the horizontal plane of the fixatioJL signal. Then, a second 50·ms blank screen was followed by tile second appearance of the cue, which appeared for 100 ms in the same ec:x:encric location. Thus, the cue appeared to briefly flash on and off, and so was a strong atrractor of attention. Following another 50-ms blnnk screen. the target appeared in 1he cllaracler space direclly above tile one that had been ocwpied by I he cue. Target duration. masking sequenc-e. and error teed back matched those in response-mapping practice.
After prooaccade pract ice. rhe prosaccade experimental block proceeded in the same way, witb 72 trials. Every combinatioo of the three targets, six fiution duratiOilli , and two S�imufus location$ oceurre: d twtce across '"""' 72 lriolo.
The ;�ntisa<X:adc ptac1icc and experinw:mal blocks were identical to the.
prosacc.ade blocks wilh one ex<::eptiQ n. ln Lb.:se blocb. I he "=" cue always ;a,ppeared on the opposite siffi: of lhc screen from lhe upcomlog W�l srimolus. So if t.he cut uppe.-u·ed 011 the left of d.e SC't'ten, the tar�et then appearcrt on 'he righl cf lht scn!'en. l!Jtd vi(C vets�.
Results
Participant.\'
The mean OSPAN scores for hlgh-and low-span participant>. rtSJl<'CUvely. were 23.65 (SD � 6.73. range = 18-55) ami 6.07 (SD � 2.14, range = 0�9).
Response Times
We expected thai high-and low-span participlllltS would differ minimally (if at all) in the pros accade ta>k, where fur and aCCtJrare target identilication would be ai<ied by a relatively au10matic orienting response. In cootrast, we expected high-span ponidp:mts to �i gnificantly outperform low·span pan.icipnnts in the ill nti:utc cade �k. "''here fast and aceurate identifi cation required the lll: live blocking of, oc recovery from, an automatic orienting response. For all analyses Jell<>rie d her eafter, lhe alpha level was set at .05.
Alw, fvr all n'5ponse-time 3lJalyses in Experimcrm 1 ond 2, group means were taken across indi• idual pw1ic ipan1S' median lntencies ln each condit ion. between-subjects variable. For the prosaccadc task, 1hen. data were analyzed from 52 high· span and 45 low-span participants, and for the aotisaccade task, data were analyzed from a differ On! 55 high-span and S l low-span participants. The.
•e data are presented in Figure I .
The prosaccade task appeared to allow for faster rarget iden<i fica�ion than did the antisaccadc ta<k. Mosl importantly, however, hi gh-and low-span patticipant< penurmed virtual)� identically in the prosoccade task (M ditTerence = 8 ms1 and quite differontly in the ami saccade task, wi th hi gh-span particip;mt\ identifying targeiS
that prosaccade identifica i ion times were significantly shorter than antisacc<Jdc identifi cation times, F(l, 1'!9) � 110.79, MSE � 48,762.10, and although high-span particip:miS identified targets signifkantly more quickly than did low-span participants, F(l, 199) = 8.63. MSE = 48,762.10. the Span X Task interaction was sienificant, FCI, !99) = 7.12, MSE � 48,762.10. Of impooance, span dif· ferenres in prosaccade-task lacencies were not slgnilicanL.
The effects of task order on target-identificatlou speeds in FJsurt'! J. Mean l.ilJlel ·t denlification JatendC'..'$ fur biJ;I'l� .tt ml low-span patticip:nll s for participants' fin.t wk onl)l in Eli. paaticipants showed llO such 1ask-order effec1. F(l, 10.5) < I. We will h<Jkl our interpretation of these fi ndings for the Discussion section.
Task orde.r also afrected anti saccade performance. but ir did so in the opposile directi� (see Figure 3) . Th:Jl is, for panic1patKs woo experienced the antisa<.-cade task tint, large span differences were: cvitlcnl, a:, discussed pte\'iously. However, for ponicipams who experieiiCt'd the anti�e task second-after compk:ling 111e prosaccade msk-<pan differences were absent. Moroo ver, low-span porticip:aus ' antisaccade pertOmlance appeared to b<n efit more from praC(ice on the prosaccade ta•k tlun did high-span participan1s' pcrfonnanc.. Error hars depict standard error.; of the means. m.< = millisecond.<.
interaction indicated that low-span purticipunts' order effect was larger than that of high-span participants.
Error Rates
Means of high-and low-span participants' target-identification error rates for prosaccade and antisaccade tasks are presented in 
Discussion
Participants with high and low WM spans differed in an attention-demanding visual-orienting task. but not in a relatively automatic version of the task. The antisaccade task predictably required attention (and probably eyes, given the visual angle) to be moved away from a salient, abrupt-onset cue and so demanded attentional controL That is, the task required active maintenance of goal information in the face of competition from external stimuli.
Here, high-span participants were able to identify targets more quickly and accurately than were low-span participants. High-span participants were beuer able to resist having attention captured by the cue, and/or the)· were faster than low-span participants to disengage altcntion fmm the cue and toward the target location.
The prosaccade task predictably required participants to move attention (and probably eyes) toward an abrupt-onset cue and so allowed responding based, in part, on relatively automatic orient ing, Here, high-and low-span participants performed equivalently; at least this was true when we controlled for task-order effects.
When we examined only those participants who completed the prosaccnde task first, high· and low-span participants' response times were virtually identical. When attention was cued exog enously by an environmental stimulus, high-and low-span panic ipant• were equally able to shift auention quickly and acc urately (and were equalty able to perform the choice reaction time [RT] task, which made significant perceptual, re�pon�e-selection, and speed demands on participants). Thus, it was only when attention had 1o be shifted in opposition to a powerful cue that hi2h-span participants performed belter thlln did low-span participants. Tbe order effec ts we found were unexpected, and although they are interesting and sugge;ti>·e, we cannot yet draw strong con clusions from them, However, we speculate that the prosaccooe task-order etlects may reflect the relative flexibllity of high-span individuals' attentional conuoL Wherca� high-and low-span par ticipant� were equally fast in the prosaccade task when it was the first task of the experiment, low-span parbdpants were signifi cantly slower when it fo llowed the antisaccade task. Furthermore, only the low-spwl participants were slowed an the prosaccadc task as a second task compared with as a first task: high-span panici pants' latencies were unaffected by task order (although both groups were affected in accuracy)_ Why should low-span panicipants have responded more slowl�· on prosaccade trials following the antisaccade task'? A possibility is that once low-span participants had repeatedly attempted the controlled task of looking away from the cue, they had more dif!iculty than high-span participants in abandoning that task set in favor of the more amomalic task set allowed by prosaccade trials.
Low-span panicipants trulY have pen;evemted more than high-span participants on the antisaccooe requirement of trying to look away from the cue when the Wsk changed to allow looting toward the cue. Of course, this speculative interpretation i> consistent with our view that low-span individuals are less able to control attention than are high-span imliviuu�ls. The findings an: fasdn�ting, in any ca�e, and we replicate them in Experiment 2.
An interesting contrast to the prosaccade order eftens was seen in the antisaccnde task. Both high-and low-span participants were !'aster when antisaccade was their second task of the experiment (i.e., when it followed the pro>accade task) than when it wa� their first task. �oreover. this "task-two'' benefit was actually larger for low-span than for high-span participants, and when the anti..accade task was presented second it eliminated span differences in target identification times. Because this tinding suggests that span dif· ferences in anlisaccade perfonnance may be eliminated with min imal practice, Experiment 2 further explored the effec't of practice on the antisaccade task.
Experiment 2
In Experiment 2, high-and low-WM-span partidpants per formed the target idenlit1cation task from bperimem I, while we monitored eye movements. We also pre sented I 0 separate blocks of 36 anti saccade trials in order to examine practice effects on span differences in suppressing eye movements. The final trial block was a prosaccade block that test�d the effects of extended anti sac cade practice on prosaccaJe perfonn�nce.
Method
The OSPAN and targt:t-idt:ntific:atilln-task J�Lhud� fur Ex.perin�nl 2 were identical to those of t:: xpctiment 1 with the fol lowing exceptions.
Participi1J1ts
We tcst«< 40 undergraduates (20 high span, 20 low span) fro m Georgia Suue University and Georgia lnsti t me of Techn(]Logy. who receJved 1.20 each. Al1 had normal or correcr.ed-m-nmmal vision. Pankipants were identifi ed from a larger JXml thar hall participated in OSPAN; this )X>Ol, and these specific panicipants, were diffe�nt fmm those tested in Experi ment I. Pa rticipation in the anti saccade task may have followed OS PAN by as little .,., l day and as much as 90 days. J:!ecause of problems with the eye-movement data-cnil�ctlon �ystcm, dati:! (rom 7 p&ticipa nts were dis car!l•<l, leaving 16 high-span and 17 low-span individuals in the annlyses.
Design
The design was a 2 X t 1 mixed·rnO<.k:l f;-t�.;h .. ui;d, ,,,. iLh !i.pan group (high. low) as a hetween-subjects variable, and trial block (l-11) m•mpulatcd within subjects. In .addition, a wilbin-subjects task. variable (antisacc.ade.
prosaccade) wos perlectly confounded wkh block, with Bloch 1-10 pre senting antisaccade trials ond Blocl< 11 presenting pro,;; accade trials.
Apparatus and Material.!
The rarget-jdenrificnrl<m tnsk program aml hanlwan:. wen: simi lar to those in Experiment 1.
E.ye-rno,•emenc data were col lected using an E·S(X)() eye tracker and pupilometer (Applied S<ience Laboratories, Bedford. MA). This '-' an infra.J. 'ed-based, corneal-reflectance s:rstem that record� the .l'-aml y�coordinates of the pupil and comeiil reflecLa,nce at 60 Hz. allowing saccalle latencies to be calculated with a temporal accuracy of 16.667 ms.
Spacial err or of the apparatus (difference between actual point of gaze and calculated point of gaze) was less than 1". A magneti c head traclang (MHn sysu:m (Aod of Birds.; Ascension Technology Corp., Bu1tingwn�
VT) was used 10 coordinate head mo-. · ements and came;ra focus on the eye.
:VIeasurements were tal<eu orr che left e)·e. The apparatus allowed for the detecrion of eye movement> greater than O.s•. Software provided by ASL "'as used to calculate point of gaze. Ehru:ion, fixation duration) and in{er fJxotion intervnl. Point of ga?.e was calculared using the an gular disparily between pupil reflectance and ma."(imum corneal reflecta'lle e . A fixation wns said to ha,•e occurred if the mean x-and )'-coordi nates uf eye pot;iliGn did not move more than 1 o for a period of at least l 00 ms. Fixation and fixation duration wen: said to have !muinated if chree s.uccessive samples. 
Procedure
Afrer infottned consent was obtained, participants put on tht:: :MilT headband, and poUlt of gaze was catibrated. PnrtlC1pants bega" with one response-mapping practice block of 36 cri nls, in whil;:h the target I etten. JJ. P, orR appeared at fixation and were paU.ern masked. Trials foilowed the same timing sequence as in Experiment 1. Participants then practiced the antisa.ccade task fur only 6 trial� and then began lht": 10 �xpcrimcmal blocks of 36 antisoccnde trials each. Afrer they completed the anti;aLx:ade trial blocks1 participants practiced thf prusaccade task for 6 trials and then be Ban the 1 experimental block of �6 pr-osaccade uiais. At I he beginning of each e•perimental block, gaze was chocked for proper calibration and recahhrattd a.t; nece.!l!�3ry.
Results
Parricip<111 ts
The mean OSPAN >cores for high-and low.span panicipants, respectively, were 26.Y4 (SD = 10.96, range = 19-60) and 5.94 (SD = 2.49, range = 0-9).
Ta rget identification Ta sk
In parallel with Experiment I, we first presem the response-time and error-rate data from the target-identification task, followed thereafter by the eye-mov·ement data.
Response rimes. High-and low-span participants' mean target identification latencies for Blocks J -1 0 of the anti saccade task are presented in Figure 4 . that again is consistent with the proposal that low-span participants had more difficulty than high-span participants shifting set from the antisaccade to the prosaccade task.
Eye Movements
Here we repnrt our analyses of participants' eye-movement data concerning the directional accuracy and speed of initial saccades on each trial. For these analyses, the display sL-recn was divided into four areas of interest, three of which comprised a central band of approx imately 5o of vertical visual angle ex ten ding horiwntally from the left edge of the screen to the right. The fourth area contained the rest of the display screen. A center fixation area extended 1.3° to either side of the fixation point. For each trial, the first fixation following the onset of the cue was examined. Fi xa tions occurring in the fourth area were not included in the analyses; those falling to either the right or the left of the center area were.
If the saccade was made in the direction of the cue, the saccade
Antlsaccado Trlal Bloc;k Figure 4 . Mean corgec-identitication U!tencies fur high-and low-span participants across 10 amisaccade trial blocks (Al-AJO) in E�periment 2.
Error bars depict standard error� of the means. ms = milliseconds.
was considered "refle xive." If it was made away from the cue, it was considered "controlled." A correcc saccade was defined by the instructions for that condition. Trials in which either the corneal or pupil refl ectance was lost, a key press was made before the initi:<l saccade, or no saccade was made at all were excluded from analyses. These criteria eliminated 19% of the high-span partici pants' data and 15% of the low-span participants' data, figures nm om of line with previous investigations using such an apparatus (e.g., Butler, Zacks, & Henderson, 1999) . For each erial the saccade accuracy and latency were calculaled from the eye movement data. The initial saccade following the presentation of the cue wa.� defined by three consecuti ve 17-ms eye movement samples that occurred in rhe same horizonwl direc tion and whose durations summed to at leasr 100 ms. Saccade initiation latencies were calculated from the onset of the flashing cue until the beginning of the ft rst of the three 17 -ms samples.
Saccade direclional accuracy. Figure 5 displays rhe propor tions of high-and low-span participants' initial saccades on anti saccade trials that were retlcxivcly drawn to the cue, in opposition tv task instructions. Clearly, low-span participants were more likely than high-span participants to initially move their eyes toward the abrupt-onset cue, which re liably appeared in a location that would not contain the target. Indeed, as in the target· identification data, the span differe nce persisled across practice on hundreds of anti saccade triab. These ob servations were confirmed by a 2 (span groups) x 10 (blocks) mixed-model ANOV A, indicating that low-span partid pants showed a higher proportion of reflexive saccadcs than did high-span participants (Ms = .371 and .2BO, respectively), F(l, 31) "" 4.19, MSE =-12.11. Overall prop ortions of reflexive sac cades did not decn:ase significantly over blocks, F(9, 279) "' 1.52, MSE = 0.22. p = .14, nor did span differences in rct1cxivc respond ing decrease, F(9. 279) = 1.49, MSE = 0.22, p = .15.
Morevver, on those trials on which a reflexive saccade occurred, span differences emerged in the time taken to recover. For each saccade-error trial, we summed the fixation and interfrx ation times from the initial ret1exi ve eye movement until the eye moved out of the incorrect-side region of interest. Low-span participants main tained fixations on the incorrect side of the screen over 150 ms longer than did high-span parti cipants (overall Ms ·� 674 and 512 ms. respccti\'cly), F(l, 31) = 4.38, MSE = 0.81. Thus, compared .441
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with high-span pruticipants, low-span participants not only mad e more sncca�e errors, but after committln� an error, they also took much I nnger to correct it.
In Bfuck 11, the prosaccade hlock, lowrspan participants also m•<le m"re SaJ;calle errors thHn did high-span participants. Here, however. saccade errors reOect looklng away from the Clte instead of refl exively attending La the cue. These are nonreflexi \'e saccade errors. Thus! the higher sacc&de error rate for low-span partici pants, (M = .281) compared with hlgh-span participant. (M = .202)� indicate� that lm.,H.;pan partidpants were significant)y more likely to took a"·ay from a ··,·atid," prosac.cade cue, F( l, Jl) = 9.85, MSE = 0.18. Low-span participants aweared w have mere di JfLc ully than did high-span partkipant� in ahandonlng the task set from me previ<lus anris.accade blocks and s.hiftin� s.el to the prosaccade task requiremen ts, a diflicully that was also reflected in the target-identification data from this experiment and from ExperimenL I , Wtency of l.n�tial .raccade.". high-span participants, low-span participant� were significantly slower (by more than 150 ms) and less accurate in their responding on the block of prosaccade trials, which followed 10 blncks or antisaccade practice. Low-span individuals may he less able to shift intentional set between tasks than are high-span individuals.
The eye-movement data collected in Experiment 2 nicely rein force the target-identification findjngs from both experiments. SpedficulJ>·· on .antis.acc�Jde trials, low-spun punicipanls were {."'n sidernbly more likely to malce retle.i ve X�Ceades tow:ud the cue than wCIC high-span panicipants. This difference in the ability to suppress ""'cades, although especially large in the first triBI block, persiqed over �ubstantiaJ practice. Moreover� once an error was committed. low-span participant.� took much longer than hi g h-span partil..;pants Lo recover am.l move their eyes to the correc1 side of the. screen. 1be same was true for initial 'accade latency: Anti sac cades wccc i n itiated more slowly by low-span participants than by h.igh-spen pnnicipaots over the entire session. Mureov..-r, with respet;l to the prosaccade task� the eye· movement data suggested that low-span intlividuab' difficultic.� following antisaccade pmctice au at least in part du< to a per severation on the ant isaccade task goaL Low-span panicipants were more likely than high-span participams 10 look awoy from the prosaccade me, and they were slower to initiate sacc-<ldes in this condition. Even though the cue consisten!ly appeared in the same location as the t!ll'get, low-span participant; · appenr 10 ha•·e been Jess able than high-span participants to reconfigure their 1ask set to allow less controlled. more autom.,tic responding.
The data from Ex periment 2 also con1train further hypotheses regarding the ntha ta<k-ordor etl'ect from Experiment I, namely that prosaccade pr .1etke elirni nated span Lliffc�ooes in anLisaccade perform<mce. Clearly, the findings fnnn Experiment 2 discount the poss ibility that simply any lcind of vi sual-orienling task practice w ill eliminate span differences in the nmisaccad< task. hecoose span differences in targec identilicatiun, saccade. acc uracy, and saccade latency remained signifi cant aero" 10 blocks of anlisac cade practice. Either the Experiment 1 etl'ec1 was spurioos. or something 'pecitic about prooaccade pracrice led low-span panic ipant• til improve in the and saccade task. FUrther experiments will t>e 1equired to determine which of these is correct.
General Discussion
In two experiments in which part1cipants with high-and low WM-span capaclty were teSted on an analogue of the antisaccaU. task (Hallett, 1978) , high-span participams demonstrated better control over visual orienting. In antisoccade trial blocks, in which eyes aotd attention were to he moved away from an abrupt-onset ,·isual cue, optimal performance required that reflexive orienting responsos be suppressed. Here. in accord with taSk demands. high-span participants were ie>> likely than low-span participants to rno"e their eyes 1oward the flashing cue (Experiment 2), and hi gh-span partic ipatiiS were faster to correc 1 their sacc' d<le errors (Experimen t 2). Hi gh-'Pan panicipants were also faster and more accurate in identifying visual targecs that appeared in tile opposite locarion as the cue (Experiments I and 2). In oontrast, in prosac cade trial blocks. in which participants' rellexive respon� did not conflict with !aSk goals, hi gh-aml low-opan panicipanlS performed similarly wllcn the prosaccade taslc was perfornne d first.
Th.,, of primary intereSI here is thot high-span individuals outperformed low-span individuals in a task demanding signifi cant attention control bm not a oignil1cant memory load. In a task requiring no complex mathematical proce. <Sin� or retention of random word lists (as in the OSPAN tas k), subotantial diffeienccs were seen between individuals of high-and low-WM-span capac ity. At least, span differences were seen in the antisaccadc task, a ta.<k. that not only required participants to orient their eye' to a discrete location on cue but also required them to actively maintain !he task gonls in the face of powerful inter1'erence from the envi ronment When such controlled prox:e-.ing was Wlnecessary for successful performance, that is, on prosaccade trials. high-and low-span individuals perl'onned equivalently. Note, however, thai prosaccade performaocc did demand n1ore than simple reflexes, as heavily masked stimuli were tu he r•pidly identified by means of a •·boice RT task. W:0.1 capacity thus appears to he reiOted to the controlled processing required in responding to interference. WM capacity, as measured by OSPAN and other complex WM tasks. prediciS performance even on \'C<)' si mpk, low-le,·el tasks thaL require li ttle in the way of complex bigher-Qrder processing. as long as successful performance <lepen� on acri,·e maintenance in irxerfcrence-rich conditions. llut do we know that the processing components shared by OSPAN. a complex multidctcrmined task, lll! d the ant isaccadc !ask, also a multidetermined task. are Ute same ones shared by OSPAN and higher-OI'der cognitive tasks? Do we know that a uni tary. general &rention contro l capability underlies both OSPAN, antisaccade, and even gl' tc�t performance? Or might several individual factors comrit>ute in different ways tn different pro ces;es required by these tasks? Clearly, the present study alone (Roberts et at., 1994) , by advancin� age (Butler et al., 1999) . ur hy injury m J!fefrontal <Xlnex (e.g., Fukushima et aL, 1994 Test'' I wa!. not a �an 10!\t rer ,;e.. nnd so il rnay or Il\3y nvl hn"'C tapped the same con�ruct as WM spM fasks {sec Eogk. Tubob.ki. et al .. 1999) ; and (c) they teSted all pan icipor.u in rhe pros>ocadc ta>k fir&t, fu llowed by the :uuisaccade t3.sk. In our Experimc.n1 I, we found thai �Hu difft.:n:nt;e:s in antisaccadc performance were ehm1n:ucd. by prior proerK-e with tbc: l)f'o SIC'cade t.uk. tas ks, including the traditional cnlor-word !ask (Stroop, 1935) . In their Experiment 5, they found substantial set-shifting costs when naming the color of a color-word on one trial (high interlercnce) was followed by reading the word of <1 t.:olor.word on lhe nexL Lrial (low interfere nce), Th1•s, shifting set fmrn a commlled t;>sk to an amomatic rask was markedly difficult, even though the tasks alternated predictably and occurred as much as 1,!00 ms apart.
The converse effect was nol found, however, in that shifting set from reading words to naming coJors produced no cost whatso ever. In a sirnilat vein, but outside the Stroop-task context, Meurer and Allport (1999) "'cently demomtrared switching asyiiUlle tries in bilingual participants who switched between their dominant and nondorninam language in naming digits: Switch costs were larger from the nondominant language into the dominant language than \'i� versa. Much like our dam from Experiment l� then� these findings demonstrate tllat switching from a more automatic task to a more controlled task causes minimal difficulty compared with switching from a con1rolled (0 an automatic task. Allport el al.
(!994) discuss their findings in terms of rask-•er inertia, a kind of PI in which a nondominllflt response mapping impose> a stronger set that is more difficult to overcome than is the set for a dominant r�,1 ponse. Given <»lr prior findings of WM-span difference>; in PI (Kane & Engle. 2000 ) , we recommend funher exploration of the relations among WM. controlled attention. and task switching.
"Controlled Attention" or Anentional Inhibition?
Here anu elsewhere (Engle, Kane, et al. 1999; Engle, Tuholski, et al., 1999) we have argued that individual differences in WM capacity reflect rather fundamental differences in controlled alten tian. By ··conrrol1ed attenLion" we generally mean an executive control capability; Ill at is, an ability to effecli vely maintain s�m ulus, goal, or context inforrrnl tion in an active, e<tsily accessible state in the face of interference, to effectively inhibit goal· irrelevant stirnuli or responses� or both (for related \:iews, see -Schreiber, 1992; Dempster, 1991 Dempster, , 1992 Duncan, 1995; Ha�hcr & Zacks, 1988) . Thus, ir. WM-span tasks, high-span indi\'iduals are able to actively maintain information in memory while simultaneously cuming attention toward a secondary processing task. In the anlisaccade task, we suggest, high-span individuals are better able to maintain the goal of the task, "!ook awa:'-' fr om the cue," active in memory despite thr:: strong interfer· ence presented by tlre abrupt-onset cue. In our view, rhm, rhis atleruioru:Jl etmtml capabiiit:t· allow.� flexibifi1)" in response w �m,irnnrne ntal dt!m and.t, whPthrr thn.'l� dcmrmlis invalv� kRepinJ? man)' represe111ations acrivr in some conrexrs, keeping only one simpll! goa! acriv� in otht!r COJJtext.s, or /.:eepln8 irrelevant repre .sentations or re.fponses at ha.'f throush lnhibitiorz.
But do we really hove much evidence for such a flexible control difference between high-and low-\VM-span individuals? In fact, almost all of the research linking WM and attention has used selection tasks that require participants to ignore some n011 torget information in attending to some t:argel. For example, high-and low-span individuals di!l'ered in the neyative priming task, in whidt to-he-named target letters appeared amidst to-be-ignored distractor letters (Conway, Tuholski, Shisler, & Engle, 1999) .
High-span individuals showed negative priming bur low-span in dhiduals did not That is, only htgh-span indhdduals were dlffer entially slowed when the to-be-ignored lctcer fmm one trial bec=e the Lo-be-named letter on the next trial, o finding some theorists suggest reflect< prior inhibition of the distractor (e.g., Houghton & Tipper, 1994; but see Milliken, loordens, Mcriklc, & Seiffert, 1998).
As another exarr.ple, Conway� Cowan, and Bunting (in press) recently tested high-and low-<pan individuals in the dichotic listening "cocktail party" task (Cherry, 1953) In our •iow. howover, the inhibition-as-primllivc hypothesis rum i mo difficulty in light of dividcd-attentioo, or "load" oJTeas, on interference susceptibility. In bolh me Rosen and Eagle ( 1997) and Kane and Engle (2000) studies, snme purticipants were teste<! under an auenLional load, such a� nlUniLoring audi tory digib t}[' tapping fm gess in a complex pattern. These secondary taSks bore no surface similarity co the primary memory taSks' stimul i or modality. Nonetheless, in both studies, high-and low-span partic ipants performing under load were equivalently vulnerahle to interference; load equalized the span group�. That is, high-span pnrticiponts became more vulnerable to interference under load, whereas low-span partic ipants remained cqui valcntly susceptible to interference under load and no load. These data not only sugscst that high-and low-span participants allocate attention differently when fac ed with interf erence-rich situations but also that inhibi tory capabilities of high-span participants call be manipulated by me task demands. High-spon pnnicipantS are adept nt resisting interference under normal conditions; however, their abili t Y to "'si M i n terference is si gnificantly hampered by the imposition . of a secondary task.
If inhibition were the primitive capability that drove WM ca pacity and cootrol led atte nt ion, then an ancntional load should not be effective in disrupting inhibition. Indeed , tbe Robens et al.
(1994} fi nd ings in the antisaccade task also sujlgest tha( the sup pression of reflexive saccade requires cootrolled oltention: Adding a secondary auditory-verbal summation task, bearing no similarity to lhe untlsaccade task, impaired participl\nts' ubility 10 look away from the antisaccade cue. If suppre ssion can be affected by dual task conditions, it suggests to us that a more �eneral nltentionnl capability is respoosible for successful inhibition and inhibitory differences. We sugge>t mat the general controlled ability 10 ac tively maintain information in the face of interference is central to individual differences i n WM capeciry and therefore is caxsal 10 the range of complex cogniU\'e behaviors that mt-span teSU prodict.
C onclusion
In lWQ eJlperiments, individua1s of high. and low· \V�aspan capabilities were tested in an analogue ot' the amisaccade task, a task previously found to be reliant on contrOlled proccssini-and sensitive to dPFC fun�-rioning. Jn beth experiments, high-span participants were faste-r and more accurate in identifying visual targets signaled by antisaccade cues; that is, �� o·hen the locarion of the cue indicated that the upcoming target would appear in the opposite screen location. tugh-span patticipams were bcner able to direct their eyes in opposition to the cue. Howe>er, high-and low· span parlidpomls performec. J equivalently folhl'�\in� prt)!i.ac· cade cues that indicated a tasg.et would appear in the same location os me cue. Here. where performance could rely in pan on reflex ive, automatic orienting responses. no span differences were seen.
At least. no span differences were seen in the prosaccade task when it wa' the first ia.;k encoun1ered by participants. High-span participanLS were equallv fa.�t in lhe pronccllde ta.d: retlardles\ of task order. but low-sp�� �rtkipa:nts experienced mur; · di fficuhy in switching from the antisacc ade task 10 the prosncc:lde task.
Here, low-span particip!Jlts w<.re slower to identify J!105accad<
targets, SU!t!! esdng thar they pcrseve�ated on the antisaccode task demands and failed to reflex ively attend to the cue.
In Experiment 2,. eye movements \\'ere monitored across a suhstantial number of practice trials with the all!isao;:ade tQsk . Low-span participant' were more likely than hi�b-spon pOU'tici pmM5 to rc:: flc:: ;(h·ely JJJQ YC their cy<:s to the cue, even though their goal was to suppress lhese reflexive saccades in favor of moving the eye.<; away fmm the cue. And. os in F.xperimenf L, lov.•rspan participant s were :slower and less accurate in identifying these anlisaccade Largets than were high·span participants. Moreover, the span differences in reflexive saccades and target identific ation remained stahle and substantial through out the 360 trials of practice.
These findings are consi stent Wlth the idea that WM capacity , as det;ned b)· complex span measures. is a ''nlid predictor of atteo tional control In a simple attention tas.k involving minimal mem ory demand s, no complex cognitive skill, and ni> surface similarity to a span task, but significllfX auent ion and dPFC involvement, high-WM-span individuals consi<tently outperformed l<>w-WM span individu•ts. W\ol Cll padry may theret'ore reOe<:t a ba>ic at tcntional control capability� reli ant on tiPFC cin:uits, lhat b. critical across a wide r.mge of cognitive l.':{l'nt e-xts im·olving interference: . from long-tenn memory i-etnevnl, to language comprehension. to n:asoninK.
